INTRODUCTION {#sec1-1}
============

Several dental materials have been recently used as orthodontic cement, but interest is now focusing on the use of glass ionomer cements. The advantages of glass ionomer cements are: low solubility, ability to release fluoride, and good adhesive properties.\[[@ref1]\] Glass ionomer cements also uptake fluoride from topical fluoride applications, allowing them to act as long-term fluoride-releasing agents.\[[@ref2]\] The glass ionomer cements' mixing procedure can be however unhandy and technique-sensitive.

Due to the variation in chemical composition and setting reaction among glass ionomer cements, they have been categorized as conventional, resin-modified glass ionomers or modified composites.\[[@ref3]\] Conventional and resin-modified glass ionomer cements (RMGICs) are able to adhere to base metal alloys, as well as to unetched enamel, making them attractive for orthodontic banding. RMGICs are a hybrid of composite resin and glass ionomer groups.\[[@ref4]\] These cements are often marketed in capsules and their setting includes an acid-base reaction.

Biocompatibility is the capacity of a material to do in a formal manner in a specific application,\[[@ref5]\] meaning patient\'s tissues contacting this material do not undergo any toxic, inflammatory, allergic, genotoxic, or carcinogenic action.\[[@ref6]\] To the best of our knowledge, no information is yet available on the biocompatibility of glass ionomer cements used in orthodontic practice.

Genotoxicity assays, within the biocompatibility tests available in the general field, are of particular importance because genotoxicity is an important and useful indicator of carcinogenicity.\[[@ref7]\] This is due to these assays' ability to measure an initiating tumorigenesis event. To date, a variety of assays are able to assess genotoxicity, including those assessing genetic damage, DNA repair capacity, metaphase chromosomal aberrations, micronuclei, and sister chromatid exchanges.\[[@ref8]\] The single cell gel \[comet\] assay in alkaline version was developed as a rapid, simple, and reliable biochemical technique for evaluating DNA damage in mammalian cells.\[[@ref9][@ref10]\] The single cell gel \[comet\] assay was revealed as a promising tool for the detection of DNA damage induced by compounds used in dental practice.\[[@ref11]\]

Cytotoxicity is a rapid and standardized test able to determine if biomaterials contain significant quantities of harmful extractables and their effect on cellular components. The trypan blue exclusion test can be used to indicate cytotoxicity, where dead cells stain blue from the trypan blue, and living cells present yellow nuclei.\[[@ref12]\]

The purpose of this study was to investigate whether three glass ionomer cements used for orthodontic cementation can induce DNA breakage in mouse fibroblasts by the single cell gel (Comet Assay). To monitor cytotoxic effects, the trypan blue exclusion test was employed.

MATERIALS AND METHODS {#sec1-2}
=====================

Cell culture {#sec2-1}
------------

Murine fibroblast cells (lineage 3T3-L1) were obtained from American Type Culture Collection and cultured at 37°C in an incubator supplied with humidified air containing 5% CO~2~/95% O~2~. The cells were maintained in a growth medium containing the following constituents: Dulbecco\'s modified Eagle\'s medium (Invitrogen, USA) with 25 mmol/L glucose, 1 mmol/L pyruvate, 4.02 mmol/L l-alanyl-glutamine, and 10% fetal calf serum (Sigma, USA).

Confluent cells from third passage were detached with 0.15% trypsin (Invitrogen Corporation) for 5 min. Then, 2 mL of complete medium was added and cells were centrifuged at 1000 rpm (180 g) for 5 min. Cell suspension was counted using a Neubauer chamber and seeded in 96-well microtitre plates (Corning) at 1 × 10^4^ cells density per well (at a concentration of 1 × 10^6^/ mL).

All procedures in this study followed the ethical conducts described by Ethics Committee of Federal University of Sao Paulo, UNIFESP, SP, Brazil.

Treatment {#sec2-2}
---------

The following glass ionomer cements were tested: Vidrion C (SS White, USA -- Lot 070709); Band- Lok (Reliance Orthodontic Products Inc., Itasca, IL, USA -- Lot Paste A 0802185/ Paste B 0802202) and OptiBand (Ormco Co, Orange, CA, USA -- Lot 507180/507190). The cements composition is: (a) Vidrion C powder: sodium fluorosilicate, calcium, and aluminum, polyacrylic acid; and its liquid, tartaric acid, and distilled water; (b) OptiBand: uncured methacrylate ester monomers, inert mineral fillers, fumed silica, activators, preservatives, and colorant; and (c) Band-Lok: hidroxietilmetacrilate (HEMA), silica, inert mineral fillers, and activators.

Powders or pastes of the abovementioned glass ionomer cements were prepared in increasing final concentration solutions ranging from 10 to 1000 mg/ mL, while liquids were prepared with dilutions from 0.1 to 10%. The negative control group was treated with vehicle control (Dimethylsulfoxide, DMSO), while the positive control group was treated with methylmetasulfonate (MMS at 10 mg/mL, Sigma Aldrich, USA). After 1 h incubation at 37°C, cells were centrifuged at 1000 rpm (180 *g*) for 5 min, washed twice with fresh medium and re-suspended with fresh medium. Each individual treatment was consecutively repeated three times to ensure reproducibility.

Cytotoxicity assay {#sec2-3}
------------------

The cell viability test for mouse fibroblast cells was performed using Trypan blue staining after the treatment.\[[@ref12]\] In brief, a freshly prepared solution of 10 μl trypan blue (0.05%) in distilled water was mixed to 10 μl of each cellular suspension during 5 min, spread onto a microscope slide and covered with a coverslip. Nonviable cells appeared blue-stained. At least 200 cells were counted per treatment.

Genotoxicity assay {#sec2-4}
------------------

The protocol used for the cell gel (Comet Assay) followed the guidelines proposed by Tice *et al*.\[[@ref8]\] Briefly, 10 μl of cells (\~l × 10^4^ cells) were added to 120 μl of 0.5% low-melting point agarose at 37°C, layered onto a pre-coated slide with 1.5% regular agarose in duplicate, and covered with a coverslip. After brief agarose solidification in a refrigerator, the coverslip was removed and slides immersed into lysis solution (2.5 M NaCI, 100 mM EDTA, 10 mM Tris--HCI buffer, pH 10, 1% sodium sarcosinate with 1% Triton X-100 and 10% DMSO) for about 1 h. The slides were left in alkaline buffer (pH \> 13) for 20 min prior to electrophoresis and then electrophoresed for 20 min, at 25 V (0.86 V/cm) and 300 mA. After electrophoresis, the slides were neutralized in 0.4 M Tris--HCI (pH 7.5), fixed in absolute ethanol and stored at room temperature until analysis. In order to minimize extraneous DNA damage from ambient ultraviolet radiation, all steps were performed with reduced illumination.

Fifty randomly captured comets per treatment (25 cells from each slide)\[[@ref13]\] were blindly examined by one experienced observer. The observations were performed at 400× magnification, using a fluorescence microscope (Olympus, Optical Co. Ltd, Tokyo, Japan) connected through a black and white camera to an image analysis system (Comet Assay II, Perceptive Instruments, Haverhill, UK), previously calibrated in accordance to the manufacturer\'s instructions. A computerized image analysis system acquired images, computed the integrated intensity profiles for each cell, estimated the comet cell components, and then evaluated the range of derived parameters. Undamaged cells have an intact nucleus without a tail and damaged cells presented a comet-like appearance. Tail moment was evaluated to quantify the DNA damage and was calculated as the product of tail length and DNA fraction in the comet tail. The comet tail moment is positively correlated with the level of DNA breakage in a cell. The mean value of the tail moment in a particular sample was taken as an indicator of DNA damage for this sample.

Statistical methods {#sec2-5}
-------------------

Parameters from the comet assay and the cellular viability were assessed by Kruskal--Wallis followed by Dunn\'s test using SigmaStat software, version 1.0 (Jadel Scientific, USA). *P* \< 0.05 was considered for statistical significance.

RESULTS {#sec1-3}
=======

The viability was greater than 90% for the negative control group. In the positive control, MMS induced high DNA migration at high levels of viability (\~87%, data not shown). The dose-response relationship on cell viability of the glass ionomer cement powders or pastes at concentrations ranging from 0 to 1000 mg/ mL, assessed by trypan blue assay, is shown on [Table 1](#T1){ref-type="table"}. Data indicate that cytotoxicity of components from glass ionomer cements was influenced by their concentration. Significant statistically differences (*P* \< 0.05) in cytotoxicity were observed for both Vidrion C powder and liquid at the tested concentrations, with exception to the group presenting the lowest powder concentration. OptiBand similarly presented induced cellular death at the highest tested concentration for paste A \[[Table 1](#T1){ref-type="table"}\]. Band-Lok paste B was also able to induce cytotoxicity at the highest tested concentrations.

###### 

Mean and standard deviation of cellular death (% of viable cells) in murine fibroblast cells exposed to powders and liquids from orthodontic cements

![](DRJ-9-393-g001)

The single cell gel (Comet Assay) was used to measure the *in vitro* DNA damage in mouse fibroblast cells. DNA strand breaks were represented by the mean tail moment at 50 comets per sample. As seen in [Table 2](#T2){ref-type="table"}, Vidrion C powder was not able to induce genetic damage at the highest tested concentration. Samples were further assessed for the comet assay with pastes A and B from Band-Lok and OptiBand. The results revealed that Band-Lok paste B and OptiBand paste A resulted in increased DNA injury. A representative comet image is shown in [Figure 1](#F1){ref-type="fig"}.

###### 

Mean and standard deviation of DNA damage (tail moment) in murine fibroblast cells exposed to powders, pastes, and liquids from orthodontic cements
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![Representative comet image in murine fibroblasts cells treated with orthodontic cements. Syber green stain, ×40 magnification](DRJ-9-393-g003){#F1}

DISCUSSION {#sec1-4}
==========

The aim of this study was to evaluate *in vitro* the genotoxic damage and cytotoxicity induced by orthodontic cements using murine fibroblasts. The investigation was conducted using the single cell gel (Comet Assay) and trypan blue exclusion test. The glass ionomer cements were chosen due to their wide use in the orthodontic clinic, Vidrion C being as a conventional glass ionomer cement and Band-Lok and OptiBand as resin-modified glass ionomer cements. To the best of our knowledge, this assessment has not been demonstrated so far.

*In vitro* studies are simple and inexpensive to perform; they provide a significant amount of information, can be conducted under controlled conditions,\[[@ref14]\] and may elucidate the mechanisms of cellular toxicity. Cell culture studies are commonly used to assess genotoxicity. Our choice for this cell line, i.e., fibroblast cells, allows an accurate evaluation of alterations, excluding factors such as age and donor metabolic and hormonal states, which might influence cells in primary culture. In particular, previous studies conducted by our group have demonstrated that murine fibroblasts cells are suitable for investigating genotoxic potential of dental materials.\[[@ref15][@ref16]\]

It is important to stress that the approach for studying powders and liquids separately was adopted in this study because it is imperative to know if, and to what extent, such compounds are able to induce genetic damage and/or cellular death as described elsewhere.\[[@ref17][@ref18]\] Such increasing concentrations represent a critical evaluation for toxicological purposes in genotoxicity and cytotoxicity.\[[@ref8]\]

In this study, we chose the trypan blue assay because the test is recommended by the comet assay expert group as an indicative of cytotoxic potential of chemicals in studies involving gentoxicity. The trypan blue assay revealed that all glass ionomer cement powders or pastes were severely cytotoxic at the highest tested concentrations, while other concentrations presented slight to non-cytotoxic. Vidrion C liquid dilutions showed strong cytotoxicity to mouse fibroblasts. Because the cytotoxicity assay used in the study is able to evaluate the membrane integrity as an indicator of cellular death, these findings support the idea that cell membrane was the main target for toxic agents, and that damage occurred quickly. By comparison, previous studies conducted by our group have demonstrated *in vitro* strong cytotoxicity, induced by resin-modified glass ionomer cements.\[[@ref17][@ref18]\] Furthermore, the resin-modified glass-ionomer has exhibited inhibition on growth and differentiation of osteoblasts surface.\[[@ref19]\] *In vivo* studies have postulated low biocompatibility properties of resin-modified glass ionomer cements, depicted by the presence of coagulation necrosis and intense inflammatory infiltrate induced by Vitrebond.\[[@ref20]\] Taken as whole, it seems that glass ionomer cements exert cellular death. Further studies using other cytotoxicity parameters such as MTT or protein synthesis would be useful at discovering early cytotoxic effects of glass ionomer cements, mainly in lower concentrations.

Cytotoxicity assessment is an integral part of the single cell gel (Comet Assay). Cytotoxicity produces strand breaks representing increased DNA migration. Therefore, it is recommended that the single cell gel (Comet Assay) should not be performed on samples showing more than 30% cytotoxicity.\[[@ref21]\] In this regard, no cytotoxicity signals were assessed through genotoxic damage in this study. Moreover, comets without clearly identifiable heads, i.e. comets with most of their DNA in the tails after the electrophoresis, were excluded during the image analysis. Although the representation of these "clouds" is still not completely understood, this type of comet was excluded based on the assumption that these cells represent dead cells, resulting from putative cytotoxic effects of glass ionomer cements rather than primary DNA-damage, following a direct interaction between DNA and a genotoxic agent.\[[@ref22]\] The approach of excluding comets with practically all DNA in the tail when evaluating potential genotoxicity in the single cell gel (Comet Assay) has also been used by others.\[[@ref23]\]

Regarding comet parameters, the tail moment represents a simple descriptor measured by the computerized image analysis system considering both the length of DNA migration in the comet tail and the tail intensity. This parameter is one of the best indices of induced DNA damage among the several parameters calculated by this method.\[[@ref13]\] The statistical analysis of tail moment data confirms that Band-Lok and OptiBand components induce genetic damage. No measurable genotoxicity was also found in all tested dilutions of Vidrion C powder or liquids. Such findings are in agreement with previous studies.\[[@ref24]\] On the other hand, studies have observed positive genotoxicity for resin-modified glass ionomer cements by the UMU-test.\[[@ref25]\] It is important to discuss that strand break formation during excision repair processes may cause DNA migration in the single cell gel (Comet Assay).\[[@ref26]\] Nevertheless, DNA lesions detected with the single cell gel (Comet Assay) do not represent premutagenic lesions. Thus, this assay does not necessarily predict the mutagenic potential of the tested compound.\[[@ref27]\]

Taken together, the obtained results support the thought that some glass ionomer cement components present both genotoxic and cytotoxic effects when in high concentrations.
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